Tumorigenesis, cancer stemness, and hypoxia {#sec1}
===========================================

The traditional concept of cancer stem cells (CSCs) is that these CSCs can self-renew through asymmetric cell division and the non-CSCs can differentiate into mature tumor cells \[[@bib1]\]. However, recent results show that CSCs can derive from tumor initiating cells (TICs) or differentiated cells that receive niche signals, indicating the plasticity of adult cancer stem cells \[[@bib2],[@bib3]\]. The stem cell niches that CSCs reside are different from the general tumor microenvironment \[[@bib2]\]. These niches include cancer-associated fibroblasts, mesenchymal stem cells, inflammatory cells, etc \[[@bib2]\]. Hypoxia also serves as a chemical microenvironmental factor and a crucial niche component \[[@bib2]\]. The stem cell niches will maintain the main characteristics of CSCs, provide escape from immune surveillance, and promote metastatic capability \[[@bib2]\]. Therefore, the abundance of CSCs will depend on the amplitude of niche signals that can promote either type of cells into CSCs \[[@bib3]\]. However, as tumor progresses and becomes more aggressive, tumor cells acquire more mutations to become less dependent on niche signals \[[@bib3]\]. Therefore, the degree of malignancy will depend on the degree of niche dependency \[[@bib3]\]. One of the tumor metastatic mechanisms, epithelial--mesenchymal transition, can confer tumor cells with stem-like property and provide plasticity \[[@bib4]\]. These stemness features of CSCs are associated with tumor aggressiveness, drug resistance, and metastasis in cancer patients \[[@bib4]\]. Recent literature showed that cancer stemness features are correlated with immunotherapy response through machine learning algorithm \[[@bib5]\]. All these results indicate the importance of the concept of "cancer stem cells" in the management of cancer patients \[[@bib1], [@bib2], [@bib3], [@bib4], [@bib5]\].

Solid tumor hypoxia has been shown to increase tumor stemness \[[@bib2],[@bib6]\]. Intratumoral hypoxia can program tumor cells into pluripotency through activation of several stemness-related genes \[[@bib2],[@bib6]\]. Hypoxia as a microenvironmental factor and stem cell niche for solid tumors can serve as a good model to study the mechanisms of regulation of tumor stemness \[[@bib2],[@bib6]\].

miRNA biogenesis {#sec2}
================

MiRNAs are ∼22 nucleotides in length and they play a regulatory role in various important biological processes, including development and cancer \[[@bib7], [@bib8], [@bib9]\]. MiRNA biogenesis includes transcription of pri-miRNAs, processing by Drosha/DGCR8 (in the nucleus) and Dicer (in the cytoplasm), formation of RNA-induced silencing complex (RISC), and final processes of going through different modifications to become mature miRNAs \[[@bib7], [@bib8], [@bib9]\]. The complex to process miRNAs is designated as the "microprocessor complex" \[[@bib7],[@bib8]\]. The basic microprocessor complex includes Drosha and DGCR8 (a dsRNA-binding protein) \[[@bib7]\]. The super microprocessor complex contains accessory proteins, including EWSR1, Fus, numerous heterogenous ribonucleoprotein (hnRNP) complex proteins, and the DEAD-box helicases, DDX5 and DDX17 \[[@bib7],[@bib8]\]. MiRNAs are tightly controlled temporally and spatially through the regulation of miRNA biogenesis \[[@bib9]\]. Specifically, DDX5 and DDX17 function as a hub for signaling transduction, including TGF-β signaling, DNA damage/p53, and cell density control/Hippo signaling \[[@bib10], [@bib11], [@bib12], [@bib13]\]. In addition, different co-factors may positively or negatively regulate miRNA biogenesis \[[@bib10]\]. For positive regulation of miRNA processing, SMAD proteins are recruited by DDX5 to associate with the Drosha microprocessor complex and facilitate the processing of pri-miR-21 \[[@bib11]\]. p53 under DNA damage interacts with DDX5 to facilitate miRNA processing \[[@bib12]\]. Heterogenous ribonucleoprotein A1 (hnRNP-A1) and KH-type splicing regulatory protein (KSRP) recognize the terminal loop of certain pri-miRNAs to facilitate their cleavage by Drosha/DGCR8 \[[@bib14],[@bib15]\]. Similar facilitation of miRNA cleavage is mediated by binding of mRNA splicing factor SRSF1 (SF2/ASF) to the stem region of specific pri-miRNAs \[[@bib16]\]. Smad nuclear interacting protein 1 (SNIP1) directly binds to pri-miRNAs and associates with Drosha to enhance miRNA production \[[@bib17]\]. BRCA1 associates with the super microprocessor complex to promote the processing of certain pri-miRNAs \[[@bib18]\]. For negative regulation of miRNA processing, Methyl-CpG binding protein 2 (MeCP2) binds to DGCR8 to interfere with the assembly of Drosha/DGCR8 complex to inhibit miRNA processing \[[@bib19]\]. NF90 and NF45 (components of the super microprocessor complex) inhibit Drosha-mediated cleavage of certain pri-miRNAs \[[@bib20]\]. Lin-28, a RNA binding protein, specifically binds to the terminal loop of pri-let7 and inhibits its processing \[[@bib21]\]. Finally, adenosine deaminase acting on RNA (ADARs), ADAR1 and ADAR2, convert adenosine to inosine in a subset of pri-miRNAs and these A-to-I converted pri-miRNAs suppress Drosha-mediated cleavage \[[@bib22]\]. A detailed review of the above regulation of miRNA processing can be found in literature \[[@bib10]\]. A summary of the co-factors regulating miRNA biogenesis is shown ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Co-factors that regulate miRNA biogenesis. Positive and negative regulatory factors are summarized in the figure. The detailed mechanisms are described in the text.Fig. 1

Depending on their downstream targets, miRNAs may function as oncogenes or tumor suppressor genes \[[@bib23]\]. However, impaired miRNA processing has been shown to enhance tumorigenesis \[[@bib24]\]. MiRNAs can regulate both epithelial--mesenchymal transition (EMT) and cancer stem cells (CSCs) \[[@bib25]\]. Deregulation of miRNA biogenesis has been involved in breast, ovarian, prostate, and colorectal cancers \[[@bib26],[@bib27]\]. MiRNAs have been shown to promote cancer stemness and control pluripotency and reprogramming \[[@bib28],[@bib29]\]. MiRNA deregulation has been delineated in cancer cells and the tumor microenvironment, contributing to drug resistance and metastasis \[[@bib30],[@bib31]\]. Specifically, hypoxia represses DICER expression through activation of KDM6A/B to induce hypermethylation of the DICER promoter \[[@bib32]\]. Hypoxia also represses DROSHA expression through activation of ETS1 and ELK to methylate the DROSHA promoter \[[@bib33]\]. The combined repression of DICER and DROSHA causes downregulation of miR-200 family member, miR-Let-7a, miR-135a, miR-146a, and miR-30c to induce EMT, stem cell phenotypes, and the expression of prometastatic genes \[[@bib32],[@bib33]\]. In addition, EGFR-induced phosphorylation of AGO2 under hypoxia decreases the interaction between AGO2 and DICER, resulting in decreased miRNA biogenesis activity \[[@bib34]\]. Finally, hypoxia and miRNAs can induce metabolic reprogramming and cancer stemness and contribute to tumor aggressiveness \[[@bib35],[@bib36]\]. The prominent example is miR-210 that is regulated by hypoxia to repress TCA cycle activity and produce lactate, an oncometabolite that promotes tumor initiating cells (TICs) \[[@bib35],[@bib36]\].

K63-linked polyubiquitination, HectH9, and histone 3 lysine 56 acetylation (H3K56Ac) {#sec3}
====================================================================================

K63-linked polyubiquitination is a well-established post-translational modification that plays a significant role in many important biological processes present in cells \[[@bib37],[@bib38]\]. In contrast to K48-linked polyubiquitination of proteins that leads to protein degradation, different types of regulations, including signal transduction, DNA repair, protein localization, endocytosis, and protein--protein interaction, can be regulated by K63-linked polyubiquitination of different proteins \[[@bib37],[@bib38]\]. One specific example is that K63-linked polyubiquitination of HAUSP has been shown to be a scaffold for HIF-1α-mediated gene transcription and dictate H3K56Ac on the promoters of HIF-1α target genes \[[@bib39]\]. Therefore, K63-linked polyubiquitination of proteins presents multiple aspects of regulation of protein functions.

HectH9 (Huwe1, Mule, ARF-BP1) is one of the few E3 ligases that can trigger both K63- and K48-linked ubiquitination \[[@bib40],[@bib41]\]. HectH9 is shown to be linked to tumorigenesis and poor prognosis \[[@bib42],[@bib43]\]. HectH9 is also implicated in the maintenance and development of stem cells \[[@bib44], [@bib45], [@bib46]\]. A detailed review of HectH9 functions has been presented \[[@bib41]\].

Histone 3 lysine 56 acetylation (H3K56Ac) is a special histone mark that is closely associated with stemness property and pluripotency \[[@bib47], [@bib48], [@bib49]\]. Specifically, H3K56Ac is linked to the core transcriptional network in human ES cells \[[@bib47]\]. Stemness factor Oct4 interacts directly with H3K56Ac to promote the pluripotency of ES cells \[[@bib48]\]. Finally, p53-regulated lncRNA lncPRESS1 interacts with SIRT6 to prevent SIRT6 chromatin localization and maintain high levels of H3K56Ac at the promoters of pluripotency genes \[[@bib49]\]. Therefore, lncPRESS1 safeguards the pluripotency state of human ES cells by sequestering SIRT6 \[[@bib49]\].

DDX17 and miRNA biogenesis {#sec4}
==========================

DEAD-box RNA-binding proteins (RBPs) play a critical role in miRNA biogenesis \[[@bib50]\]. Among the DEAD-box RBPs, DDX17 is a well-characterized co-factor of the Drosha/DGCR8 Microprocessor that mediates recognition and processing of primary miRNAs (pri-miRNAs) to mature into miRNAs as mentioned above \[[@bib8], [@bib9], [@bib10]\]. Further results show that nuclear Yes-associated protein 1 (YAP, a downstream target of the Hippo signaling pathway) sequesters DDX17 to dissociate DDX17 from the microprocessor complex and decrease the processing of a subset of pri-miRNAs under low cell density \[[@bib13]\]. DDX17 also plays a different role in regulating miRNA biogenesis by up-regulating Ago2 levels post-transcriptionally \[[@bib51]\]. DDX17 regulates the levels of certain miRNAs (e.g. miR-17) that lead to the stabilization of Ago2 \[[@bib51]\]. Decrease in DDX17 reduces the levels of certain miRNAs that result in a decrease in unloaded Ago2 levels and cause its degradation \[[@bib51]\]. Recent crystallography results show that DDX17 has a RMFQ motif that recognizes RNA \[[@bib52]\]. DDX17 can enhance the miRNA processing by remodeling the 3' flanking region of the pri-miRNA \[[@bib52]\]. N-terminal domain of DDX17 has an intramolecular interaction with its DEAD box domain to regulate the ATPase activity \[[@bib52]\]. This result demonstrates the molecular details of DDX17-mediated miRNA processing by structural analysis \[[@bib52]\]. Overall, DDX17 plays an essential role in the regulation of miRNA biogenesis \[[@bib8], [@bib9], [@bib10],[@bib51],[@bib52]\].

The linkage between DDX17 in miRNA biogenesis and K63-linked polyubiquitination leading to H3K56Ac modification {#sec5}
===============================================================================================================

In addition to serving as a co-factor of the Microprocessor \[[@bib8], [@bib9], [@bib10]\], DDX17 also functions as a transcriptional co-activator for various transcription factors \[[@bib53], [@bib54], [@bib55]\], including nuclear hormone receptors, p53, MyoD, Smads, Sox2, etc \[[@bib53], [@bib54], [@bib55]\]. DDX17 can also interact with a REST repressor complex to cause gene repression \[[@bib56]\], in contrast to its role in serving as a co-activator to activate gene expression \[[@bib53], [@bib54], [@bib55]\]. DDX17 can interact with a chromatin modifier (e.g. HDAC1) or go through post-translational modifications (e.g. sumoylation, acetylation) to exert its functions \[[@bib53],[@bib55]\]. Under the scenario that DDX17 can serve as a co-activator of certain transcription factors (e.g. stemenss-related transcription factors) to regulate gene expression (e.g. to induce cancer stemness), hypoxia induces K63-linked polyubiquitintion of DDX17 and dephosphorylation of YAP to cause nuclear translocation of YAP that participates in the sequestration of the K63-polyuitinated DDX17 into nucleus \[[@bib57]\]. As shown by co-immunoprecipitation assays, hypoxia increases the interaction of DDX17 with YAP and decreases its interaction with Drosha and DGCR8, eschewing its role toward the side of a co-factor for transcription factor \[[@bib57]\]. In the meanwhile, the dissociation of DDX17 from Drosha and DGCR8 will decrease the biogenesis of certain miRNAs (e.g. anti-stemness miRNAs) \[[@bib57]\].

After the sequestration of K63-polyubiquitinated DDX17 by the dephosphorylated YAP inside the nucleus, DDX17 interacts with a ubiquitin receptor, p300, to form a K63-polyubiquitinated DDX17/dephophorylated YAP/p300 complex \[[@bib57]\]. Since p300 is a histone acetyltransferase, the formation of a K63-polyubiquitinated DDX17/dephophorylated YAP/p300 complex would induce H3K56Ac specifically as demonstrated by DDX17 knockdown experiments \[[@bib57]\]. This K63-polyubiquitinated DDX17/dephophorylated YAP/p300 complex will interact with the transcription factors to further enhance the activation of downstream target genes (e.g. stemness-related transcription factors) \[[@bib57]\]. From the published literature, this report is the first demonstration to provide the linkage between DDX17 in miRNA biogenesis and K63-linked polyubiquitintion and bring the mechanisms of miRNA biogenesis and K63-linked polyubiquitination together through DDX17 \[[@bib57]\].

DDX17, tumorigenesis, and cancer stemness {#sec6}
=========================================

DDX17 has been shown to regulate tumorigenesis, including colon, breast, and prostate cancers \[[@bib58]\]. DDX17 can activate β-catenin or repress Beclin 1 expression to promote tumor progression in non-small cell lung cancer and glioma cells, respectively \[[@bib59],[@bib60]\]. DDX17 can also promote hepatocellular carcinoma progression \[[@bib61]\]. Interaction of DDX5/DDX17 with U3-, U8-, U13-snoRNAs also have consequences in cell proliferation and survival \[[@bib62]\]. In human cancers, sequestration of DDX17 by YAP in the Hippo pathway has been reported to cause global downregulation of miRNAs that is linked to tumorigenesis \[[@bib13],[@bib24]\].

DEAD-box RBPs have also been shown to regulate pluripotency and reprogramming \[[@bib63]\]. Among these RBPs, DDX17 plays a role in pluripotency by interacting with the stemness factor, Sox2 \[[@bib53],[@bib64]\]. As described in the previous sections, DDX17 can go through K63-polyubiquitination mediated by HectH9 under hypoxia to confer stem-like properties and tumor-initiating capabilities in tumor cells \[[@bib57]\]. Dissociation of K63-polyubiquitinated DDX17 from the Drosha-DGCR8 microprocessor complex results in decreased biogenesis of anti-stemness miRNAs (e.g. miR-16, miR-34a, etc) \[[@bib57]\]. These miRNAs will influence the levels of stemness factors such as *BMI1, SOX2*, and *OCT4* \[[@bib57]\]. As stated above, the formation of a K63-polyubiquitinated DDX17/dephophorylated YAP/p300 complex will induce H3K56 acetylation that deposits on the promoters of stemness-related genes (*OCT4*, *SOX2*, *NANOG*, *NOTCH1*, and *BMI1*) and activate their expression, consistent with the role of H3K56Ac in stemness property and pluripotency \[[@bib47], [@bib48], [@bib49],[@bib57]\]. This result is confirmed by qChIP assays showing the increased co-occupancy of DDX17, YAP, p300, and H3K56Ac on the promoters of *OCT4*, *SOX2*, *NANOG*, *NOTCH1*, and *BMI1* genes and by reporter gene assays \[[@bib57]\]. On the contrary, the DDX17 partner, DDX5, is not K63-polyubiquitinated under hypoxia due to lack of the lysine residue, further delineating the differential role between DDX17 and DDX5 in miRNA biogenesis \[[@bib57]\]. The role of DDX17 in conferring tumorigenesis is confirmed by a decrease in tumor sphere formation activity (i.e. cancer stemenss) through knockdown of DDX17 or overexpressing a dominant negative DDX17^K190R^ mutant \[[@bib57]\]. Overexpression of the dominant negative DDX17^K190R^ mutant also decreases in vitro colony formation activity and increases drug sensitivity, reflecting an inhibition of tumorigenesis \[[@bib57]\]. Further survival analysis shows that high expression of HectH9 and six stemness-related-genes (BMI1, SOX2, OCT4, NANOG, NOTCH1, and NOTCH2) predicts poor survival in HNSCC and lung adenocarcinoma patients \[[@bib57]\]. These results demonstrate that miRNA biogenesis and H3K56Ac modification can be coupled through K63-linked polyubiquitination of DDX17 to confer cancer stemness and promote tumorigenesis \[[@bib57]\]. A summary of the above results is shown ([Fig. 2](#fig2){ref-type="fig"}).Fig. 2Concerted regulation of miRNA biogenesis and transcriptional activation that mediates cancer stemness through K63-linked polyubiquitination of DDX17.Fig. 2

HAUSP (USP7), tumorigenesis, and stemness {#sec7}
=========================================

Hypoxia has been demonstrated to induce stemness-related gene expression \[[@bib2],[@bib6]\]. Recent results show that HAUSP (USP7), a USP type deubiquitinase, is a dequbiquitinase of HIF-1α \[[@bib39]\]. HAUSP can undergo hypoxia-induced K63-linked polyubiquitination by HectH9 to enhances its ability to deubiquitinate HIF-1α and also serve as a scaffold of HIF-1α-induced gene transcription \[[@bib39]\]. K63-polyubiquitinated HAUSP interacts with HIF-1α, CBP, the mediator complex, and the super-elongation complex to enhance HIF-1α-induced gene transcription \[[@bib39]\]. In addition, K63-polyubiqutinated HAUSP exerts allosteric activation of CBP activity to restrict its acetyltransferase activity mostly on mediating H3K56Ac \[[@bib39]\]. CBP is also identified as a new ubiquitin receptor to interact with K63-polyubiqutinated HAUSP and the H3K56Ac histone mark then is deposited on the promoters of HIF-1α target genes, including VEGF, Glut1, and Twist1 \[[@bib39]\]. Therefore, K63-linked polyubiquitination of HAUSP presents a dual mechanism of increasing both the deubiquitinase activity and transcription complex scaffolding activity as well as converting a post-translational modification into a global histone modification mode \[[@bib39]\]. This result also demonstrates the revised model of HIF-1α-induced gene transcription in which K63-polyubiquitinated HAUSP plays a crucial role \[[@bib39]\]. HAUSP is also shown to maintain neural progenitor cells through stabilizing REST \[[@bib65]\]. HAUSP is a direct target of Bach1 and Bach1 facilitates the deubiquitination and stabilization of stemness-related genes to regulate self-renewal of human embryonic stem cells \[[@bib66]\]. Therefore, HAUSP also possesses stemness-promoting activity.

m6A, microRNA biogenesis, and cancer {#sec8}
====================================

N6-methyladenosine modification (m6A) is the most prevalent internal RNA modification that recently received great attention in the field of RNA modification \[[@bib67],[@bib68]\]. Modifications of RNAs by m6A have been involved in different aspects of mRNA processing, including splicing, export, translation, and decay \[[@bib69]\]. METTL3 and METTL14 are m6A writers that deposits m6As on RNAs \[[@bib67],[@bib68]\]. Various m6A readers (YTHDC and YTHDF family proteins) and erasers (FTO, ALKBH5) are also identified \[[@bib67],[@bib68]\]. M6A has been linked to different types of cancer, including AML, hepatoma, glioblastoma, breast cancer, lung cancer, cervical cancer, etc \[[@bib69], [@bib70], [@bib71]\]. M6A modification of pri-miRNAs by METTL3 renders the recognition and processing by DGCR8 \[[@bib72]\]. METTL3 enhances miRNA maturation through m6A deposition on the pri-miRNAs, indicating the important role of m6A modification in miRNA biogenesis \[[@bib72]\]. Other results show that m6A has been discovered in miRNAs and m6A regulates the steady state levels of several miRNAs \[[@bib73]\]. Another m6A writer, METTL14, interacts with DGCR8 to positively regulate miR-126 in a m6A-dependent manner \[[@bib74]\]. METTL14 represses metastasis in hepatoma cells by promoting pri-miR-126 processing \[[@bib74]\]. Increased miR-25-3p maturation can also be induced by cigarette smoke through m6A modification of miR-25-3p to promote pancreatic cancer progression \[[@bib75]\]. DDX3 interacts with ALKBH5 to demethylate certain miRNAs and regulate cell growth and proliferation \[[@bib76]\]. HNRNPA2/B1 is a mediator of m6A-dependent nuclear RNA processing events \[[@bib77]\]. HNRNPA2/B1 can serve as a m6A reader to increase miRNA processing and contribute to endocrine resistance in breast cancer cells \[[@bib78]\]. TAR RNA-binding protein 2 (TARBP2) can recruit METTL3/METTL14 complex to induce m6A modifications of its target transcripts, leading to intron retention and nuclear decay \[[@bib79]\]. TARBP2 promotes lung cancer growth by downregulating ABCA3 and FOXN3 expression \[[@bib79]\]. For the role of DDX17 in enhancing miRNA biogenesis through m6A modifications, it will be imperative to investigate the possible interaction between DDX17 and m6A-methylated pri-miRNAs, METTL3, METTL14, or other proteins modulating the process of m6A modifications to see whether DDX17 plays a role in regulating miRNA biogenesis through m6A modifications of pri-miRNAs and/or other regulatory proteins.

In contrast, m6A methylation can also be regulated by miRNAs and promote reprogramming to pluripotency \[[@bib80]\]. It is reasonable that non-coding RNAs can regulate the members of m6A modification process \[[@bib81],[@bib82]\]. Detailed reviews in this aspect can be found in the literature \[[@bib81],[@bib82]\].

Clinical relevance and therapeutic strategies {#sec9}
=============================================

Since DDX17 polyubiquitination plays a concerted role in conferring cancer stemness, inhibition of DDX17 polyubiquitination by inhibitors against HectH9 may ablate this process. HectH9 inhibitors such as BI8622 and BI8626 were identified through a high-throughput screening of small molecules \[[@bib83]\]. Inhibition of HectH9 causes the accumulation of Miz1 and represses c-Myc target gene expression in colorectal cancer cells \[[@bib83]\]. HectH9 inhibition also increases p53 levels, reduces c-Myc transcriptional activity to promote apoptosis in c-Myc-driven B cell lymphomas \[[@bib84]\]. Overexpression of DDX17 and six stemness markers can serve as a prognostic marker \[[@bib57]\]. MicroRNA biogenesis genes (e.g. DROSHA, TARBP2, XPO5, TNRC6A) can also serve as prognostic markers in different cancer types \[[@bib27]\]. Therefore, it will be important to apply different targets or markers for therapy or diagnosis. Finally, cancer stemness relies on stem cell niches and targeting niches will be an alternative for the management of treatment resistance \[[@bib2],[@bib3]\].

Conclusions {#sec10}
===========

Complicated signaling pathways are demonstrated for the regulation of miRNA biogenesis. One of the focal points of this regulation is DDX5/DDX17 \[[@bib10]\]. DDX5 is shown to interact with different proteins to receive regulation \[[@bib11],[@bib12]\]. Similarly, DDX17 also interacts with other proteins to facilitate the regulation \[[@bib13]\]. However, post-translational modification (i.e. K63-linked polyubiquitination) of DDX17 adds another layer of regulation to further fine tune the miRNA biogenesis process \[[@bib57]\]. In addition, this post-translational modification can turn into transcriptional activation of certain stemness-related genes due to the inherent nature of DDX17 as a transcriptional co-activator \[[@bib53], [@bib54], [@bib55],[@bib57]\]. Therefore, future approaches to investigate post-translational modifications (e.g. phosphorylation, polyubiquitination, etc) of the protein components inside the microprocessor complex will point to new regulatory mechanisms.

Due to the contribution of deregulation of miRNA biogenesis to tumorigenesis and cancer stemness \[[@bib24],[@bib26],[@bib27],[@bib32], [@bib33], [@bib34]\], these detailed mechanisms should provide new thinking in order to facilitate future pharmaceutical design of new drugs that can be used to treat aggressive cancers. Recent advances in the investigation of RNA m6A modification will present new research venues to further understand the process of miRNA biogenesis and the contribution of m6A modification to tumorigenesis \[[@bib67], [@bib68], [@bib69], [@bib70], [@bib71], [@bib72], [@bib73], [@bib74], [@bib75], [@bib76], [@bib77], [@bib78], [@bib79], [@bib80], [@bib81]\]. As the concepts of "cancer stem cells" have been modified by incorporating "niche signals" \[[@bib2],[@bib3]\], further approaches to target these niche components and signals will be one of the priorities in order to improve our understanding of tumor microenvironment and provide better management of treatment-resistant cancers.
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